Methodology
In this section we give the main features of our experimental design including the global MAS architecture, descriptions of the agents, and the statistical procedure aimed to detect potential market inefficiencies.
MAS architecture
In this experiment, agents represent virtual investors trading one financial commodity called a tracker". As it is generally admitted (Wooldridge 2002) , the agents' fundamental characteristics in this study are an idiosyncratic decision-making process, autonomy, and reactivity to context changes. Our MAS is based on a three-stage architecture; at each stage, one can consider a kind of agents with specific aims or logic:
First stage: Strategic Agents are micro-agents playing always the same basic strategy through the entire simulation. Those basic strategies are known in the financial community as "technical trading rules". As instance, a To get it clearer, let's consider one Family Agent : "Periodical Trader". This agent buys and sells the trackers at fixed periods. She is similar to speculators buying on Mondays and selling on Fridays. This agent has at least two parameters coding the dates at which she will buy and sell her trackers. If she decides to generate all possible Strategic Agents using all possible delays between 1 and 100, 10.000 "children" will be processed.
Agent's design
As it has been presented previously, we have implemented a large population of heterogeneous agents (2.621.932 agents, see Table 1 ). Such massive experiment has never been performed before, to our point of view. Allowed operations and behavior: Each agent is allowed to trade n tracker (n ∈ R + ), that is, one financial commodity replicating exactly one market index (like CAC40, Dow-Jones or Nikkei). If she has not decided to hold such commodities, the agent holds cash. Therefore, each agent is in one of these situations:
• she possesses a number of trackers > 0; in this situation we say the "Agent is in the market". Her wealth fluctuates along the market.
• she does not have any tracker or fraction of tracker, all her wealth being converted in cash; the "Agent is out-of the market" and her wealth is stable. No risk-free asset paying a low interest rate is available.
At each time step, agents receive a new information and have to decide if it is worth staying in the market or getting out : they follow systematically the signals given by their technical rules. As instance, a Strategic Agent designed as a "moving average 5, 5" analyzes at each iteration if the 5 days moving average of past prices has crossed the price process in the top-down direction, which correspond to a "sell-signal" (resp. bottom-up and "buy-signal"). In this situation, if the gap between the 5-days moving average and the price is greater than 5%, she will "sell" (resp. "buy"). If the gap is under 5%, she will stay unchanged considering her portfolio. Each Strategic Agent possesses the same kind of behavior with various chartist or technical rules. Nevertheless, one has to notice than one singular agent follows systematically a "Buy & Hold" strategy, that is, she get in the market at time = 0 (she buys one tracker) and let her situation unchanged until the end of the simulation. This agent is our "benchmark" agent in terms of risk and return and stands for a "passive investor". Theoretically, no one can outperform this agent on the long run assuming the EMH holds. Each agent is endowed with the same amount of cash at the beginning of the simulations. If an agent looses all her endowment during an experiment, since borrowing is avoided, she is withdrawn from the market. Trading is subjected to transaction costs at a 0.5% level. The simulations are based on real daily data from the Euronext Paris Stock Exchange between 1988 and 2005. The traded tracker perfectly replicates the CAC40 index. Agents have only access to past values of this tracker, and the information they re-ceive at each time-step is the price of the tracker corresponding to the current iteration (no agent is "cheating" and behave knowing what the "future" will be).
Organization of the simulations
Simulations are organized in two steps:
Stage 1: consists in the selection of the best performing agents, compared to the benchmark agent. This test consists in 10 simulations based on random subsamples from historical CAC40 observations (01/1988-07/1996 We then apply a statistical procedure called Bootstrap Reality Check proposed by White (2000) to decide whether or not the "winners" in this last race have outperformed the benchmark, that is, if they have out-performed the market exploiting weak-form inefficiencies.
Results
We have selected in this short version some basic results among a large set of intersting experimental outcomes that we will describe in the full paper; a first series of figures reports part of them, directly linked to the simulations presented previously:
Results for Stage 1: 6.057 Strategic Agents have out-performed the Buy & Hold Agent in more than 50% of the simulations. They come from all the Family Agents. The selection rate over the initial population is between 5.10 −5 % and 1.7%, which is very low, but "as expected". One has to keep in mind that our procedure involves a huge number of agents; it is perfectly normal than some of them seem to perform well at this initial step. -We have applied the same experimental process using randomly generated data (CAC40 having been replaced with a computerized index following a "random walk"). By construction, these data do not "hide" any useful information at date t allowing to predict t + 1. Thus, they perfectly replicate the behavior of an efficient market index. No Strategic Agents is able in this last simulated context to pass the filters we have settled-up, while it is easily done by many of them on real-world data. This is a first troubling result.
-The last point is related to the performance of the Meta-Agents that could allow us to reject H 0 , but this last point has still to be investigated further.
In the full version, we will show how our MAS can mimic complex real-world investors and achieve results that can challenge seriously the weak-form EMH.
